Purpose Polycystic ovarian syndrome (PCOS) is a common cause of female infertility. Factors other than anovulation, such as low embryo quality have been suggested to contribute to the infertility in these women. This 2-year retrospective study used timelapse technology to investigate the PCOS-influence on timing of development in the pre-implantation embryo (primary endpoint). The secondary outcome measure was live birth rates after elective single-embryo transfer. Methods In total, 313 embryos from 43 PCOS women, and 1075 embryos from 174 non-PCOS women undergoing assisted reproduction were included. All embryos were monitored until day 6. Differences in embryo kinetics were tested in a covariance regression model to account for potential confounding variables: female age, BMI, fertilization method and male infertility. Results Time to initiate compaction and reach the morula stage as well as the duration of the 4th cleavage division was significantly shorter in PCOS embryos compared with non-PCOS embryos. No other kinetic differences were found at any time-points annotated. The proportion of multi-nucleated cells at the 2-cell stage was significantly higher in PCOS embryos compared with non-PCOS embryos. The live birth rates were comparable between the two groups. Conclusion The findings suggest that the causative factor for subfertility in PCOS is not related to timing of development in the pre-implantation embryo.
Introduction
Polycystic ovary syndrome (PCOS) is one of the most common causes of female infertility. This endocrinological disorder affects 5-10 % of women in the reproductive age [1] . PCOS is traditionally defined by the Rotterdam criteria involving polycystic ovaries, biochemical or clinical signs of androgen excess and ovulatory dysfunction [2] .
The ultimate choice of treatment of infertility when ovulation induction fails is In Vitro Fertilization (IVF). Traditionally, PCOS patients are reported to produce an increased number of oocytes of poor quality, which leads to lower fertilization rate [3] [4] [5] . Furthermore, PCOS women are at increased risk for early pregnancy loss, and more often suffer from pre-eclampsia and preterm-birth [4, [6] [7] [8] [9] [10] . Mechanisms responsible for these adverse outcomes are unclear, but inherited or metabolisminduced factors in the oocyte have been suggested. While the pregnancy rates after IVF for women with PCOS are generally satisfactory compared with infertile patients with normal ovaries [10] [11] [12] , ovarian stimulation protocols must be tailored to avoid their increased risk of developing ovarian hyperstimulation syndrome (OHSS).
Studies of ovarian growth factors in tissue from PCOS ovaries and gene expression profiles in MII oocytes suggest that PCOS is associated with disturbed oocyte maturation [13] [14] [15] [16] [17] .
Most efforts to evaluate embryo quality in PCOS have been based on static evaluation of embryo morphology, which is correlated only weakly with viability [18, 19] . In contrast time-lapse analysis has proven to be a sensitive method of detecting reduced viability in mouse embryos [20] , and several studies suggest that timing of development is related to clinical outcome in IVF patients [21] [22] [23] [24] . A recent study using time-lapse technology showed that embryos from hyperandrogenic PCOS women were significantly delayed at early stages compared with embryos from non-PCOS regularly cycling women [25] . Another recent paper documented that embryos derived from women undergoing ovarian stimulation with the flexible GnRH antagonist protocol underwent the earliest cleavage faster than embryos derived from women undergoing a protocol consisting of long GnRH agonist [26] . We hypothesized that differences between embryos from an unselected group of PCOS women and non-PCOS women would be detectable with time-lapse imaging. Accordingly, in order to assess the impact of PCOS on embryo viability, the aim of this study was to analyze timing of time-lapse parameters and pregnancy outcome from a cohort of infertile women, with and without PCOS.
Methods
A consecutive cohort of 249 infertile women undergoing IVF or ICSI treatment at the Fertility Clinic, Arhus University Hospital was recruited from February 2011 to May 2013. During this period, couples undergoing IVF/ICSI treatment were offered blastocyst culture to day 6 and time-lapse imaging (TLI) as part of a study evaluating parameters for embryo selection [27] . Indications for ICSI were male infertility or three previously failed IVF-fertilization attempts. Only women regarded as good prognosis patients were included: women aged <38 years without endometriosis and with ≥8 oocytes.
Diagnosis of polycystic ovarian syndrome
Patients were categorized in two groups: Women fulfilling the diagnostic criteria for PCOS detected by the presence of oligomenorrhea or anovulatory cycles and polycystic ovaries, diagnosed by trans-vaginal ultrasound, and women with normal ovarian morphology and regular cycles. Women with polycystic ovaries or oligo-amenorrhea were tested for biochemical androgen excess. The diagnosis of PCOS was based upon the Rotterdam criteria, i.e., the presence of two out of the three characteristics (polycystic ovaries, oligoamenorrhea or signs of androgen excess) [2] . In case biochemical parameters were not available and the patient fulfilled only one clinical parameter (polycystic ovaries or oligo-amenorrhea), the patient was excluded from the study. Patients with non-elevated total testosterone (total testosterone ≤2.5 nmol) were classified as Bnorm-androgenic^.
Ethical approval
Written informed consent was obtained from all patients before inclusion. The Central Denmark Region Committees on Biomedical Research Ethics and the Danish Data Protection Agency approved the study. The study was registered at ClinicalTrials.gov (no. NCT01953146).
Ovarian stimulation
Ovarian stimulation and oocyte retrieval were performed according to standard procedures as previously described [28, 29] . Patients were treated with individualized doses of gonadotropin, based on serum AMH and/or antral follicle count and BMI. Patients were stimulated by either rec-FSH or HMG in a GnRH agonist-or antagonist protocol according to clinical guidelines. A dose of 10,000 IU of hCG was administered when at least three follicles measured ≥17 mm, and ultrasound guided oocyte retrieval was conducted 36 h later. Biochemical pregnancy rate was confirmed by serum hCG measurement 16 days after aspiration. Trans-vaginal ultrasound was performed 5 weeks after embryo transfer (at gestational week 8) to confirm intrauterine clinical pregnancy. Live birth rate were collected after birth.
Embryo culture
After oocyte retrieval, ICSI embryos were transferred to 37°C, 5 % O 2 and 6 % CO 2 in the time-lapse incubator (EmbryoScope™) immediately after fertilization. IVF embryos were cultured for approximately 18 h in 20 % O 2 in a conventional incubator, followed by removal of adhering cumulus cells to ensure optimal image acquisition, before transfer to the time-lapse incubator. On day 6 embryos were removed from the time-lapse incubator and placed under an inverted microscope for morphological evaluation. A single embryo was selected for transfer based on conventional measures of morphological quality according to the Gardner criteria [30] .
Time-lapse imaging
Images were recorded automatically in seven focal planes every 20 min (15 μm intervals, 1280×1024 pixels, 3 pixels per μm, monochrome, 8-bit<0.5 s per image, using single 1 W red LED). A time-point was automatically assigned to each image reported as hours after t0. For ICSI embryos t0 was defined as the time of injecting the sperm into the oocyte. For IVF embryos t0 was defined as the time of adding the sperm to the dish. The t0 was programmed into the EmbryoScope when the slide was loaded.
Embryo assessment
Manual annotation of time-lapse images was performed at an external workstation (Embryo Viewer™). Only normal fertilized (PN=2) embryos completing the 1st division were evaluated. The time-point of the following events were annotated: 1st -7th division, appearance and disappearance of 1st and 2nd nucleus after 1st division, the Final divisions, start of Compaction, Morula stage, Early and Full expanded blastocyst stage, start of hatching and fully hatched blastocyst. Full definitions of annotated time-points are shown in (Table 5 ). The parameters were annotated according to definitions previously described [28, 29, 31] . Two observers preformed the time-lapse annotations. Inter observer variability of the analysis have been evaluated in another study [32] showing average value of intra-class correlation coefficients (ICC) of 0.8 and the median value ICC of 0.9, which indicate strong and almost perfect agreement, respectively. All time-points were normalized to first cleavage and treated as durations for further analysis in order to overcome the limitation of inexact starting points, and facilitate comparison between IVF and ICSI populations. For the same reason, no parameters before first cleavage were investigated. Durations of cell cycles and cell stages were subsequently calculated as the interval between two time-points. Two parameters (multi-nucleation and direct cleavage to 3-cell stage) were assessed by binary values yes and no. Embryo transfer took place at day 6. No time-lapse parameters were used in the selection process. The observer was blinded to the patient's treatment data and medical history.
Statistics
Baseline and time-lapse data were tested for the assumption of normality by histograms, QQ plots and Shapiro-Wilk test.
Baseline and treatment characteristics data (Tables 1 and  2 ): Continuous data were non-normal distributed and expressed as medians with lower (Q1) and upper quartiles (Q3). Wilcoxon rank-sum test was used to test the hypothesis of no difference between the PCOS and non-PCOS group. Categorical data were expressed as exact numbers and percentages and Fisher's test was used to test the hypothesis of no difference between the PCOS and non-PCOS group, using bivariate analysis of two-way tables of percentages. A proportional odds model (logistic function) was applied to test the hypothesis of no difference in proportions of normal fertilized and cleaved oocytes between groups.
Since several embryos were derived from each woman (dependent observations) the regression analysis was clustered to patient.
Time-lapse data (Tables 3 and 4 ) and (Table 1 in Online resource material): Only size variables were normal distributed and therefore expressed as mean ± SD. Continuous time-lapse data were non-normal distributed and expressed as medians with lower (Q1) and upper quartiles (Q3). Linear regression with clustered data was applied to estimate the influence of PCOS (independent variable) on time-lapse data (response variable), reported as odds ratio different to one with 95 % CI. Potential confounding factors that may have impact on embryonic development or that were significantly different between the PCOS and non-PCOS group consisted of: female age (continuous variable), BMI (continuous variable), male infertility (dichotomous variable) and fertilization method (IVF or ICSI) (dichotomous variable). These were enclosed in a covariance regression model to create an Badjusted^odds ratio. The adjusted odds ratio was reported as odds ratio different to one with 95 % CI. Significance levels of the crude and adjusted odds ratios were reported by the STATA output expressed as p-value of the Z score of Beta coefficient. Binary parameters (multi-nucleation, direct cleavage to 3-cell stage, survival rates) were expressed as exact numbers and percentages and a proportional logistic regression clustered by patient was applied to test the hypothesis of no difference between PCOS and non-PCOS group. Chi-squared test was used to test for differences between groups in biochemical pregnancy rate and live birth rate. A two-sided P-value of <0.05 was considered significant.
Results
In total, 313 oocytes from 43 women diagnosed with PCOS, and 1075 oocytes from 174 women categorized as non-PCOS were included in the data analysis. According to the protocol, another 31 oligo-amenorrheic patients without PCO, where a biochemical test of androgen excess was not available, were excluded at baseline since they did not fulfill the Rotterdam criteria. One woman from the non-PCOS group was excluded from the cohort because she had a double embryo transfer.
For demographics, see (Table 1) . PCOS women were significantly younger than non-PCOS women (29 vs. 32 years). Serum levels of total testosterone 1,4(0.9-2.1) nmol/L, AMH 37.2 (28.0-57.0) nmol/L and LH 10.5 (7.0-17.3) nmol/L were significantly higher for women with PCOS. In 4 women diagnosed with PCOS (both PCO and oligomenorrhea) no data on androgen excess were available. Thirty-three (n=33) out of 39 PCOS women had serum levels of total testosterone below 2.5 nmol/L.
Cycle characteristics are shown in (Table 2) . Treatment procedure (ICSI or IVF) was equally distributed between the PCOS and non-PCOS group. Total dosage of recombinant gonadotropins was significantly lower and proportion of GnRH antagonist protocols was significantly higher in PCOS group compared with non-PCOS group. There was no difference in number of oocytes retrieved per cycle between the PCOS and non-PCOS group. The proportion of 2PN and cleaved oocytes was equally distributed between the PCOS and non-PCOS group after adjustment of potential confounding variables (age, BMI, fertilization method and male infertility). In the PCOS group, three embryo transfers were cancelled because of ovarian hyper-stimulation syndrome and two because of poor embryo quality. In the non-PCOS group, three transfers were cancelled because of ovarian hyper-stimulation syndrome and five because of poor embryo quality. A higher proportion of non-PCOS women had a negative pregnancy test. Three women in the non-PCOS group had a missed abortion. The implantation failure rate, fetal heartbeat (clinical pregnancy rate) and live birth rate did not differ significantly between the two groups. 
Early cleavage events
Timing of early cleavage events showed significant differences between PCOS embryos and non-PCOS embryos in two events only (unadjusted data) ( Table 3 ). The time between the disappearance of 1st and 2nd nuclei at the two-cell stage was longer (less synchronized) in PCOS embryos compared to non-PCOS embryos. The proportion of multi-nucleated cells at the two-cell stage was significantly higher in the PCOS group compared with non-PCOS group. After adjustment for potential confounders (age, BMI, male infertility and fertilization method) only the proportion of multi-nucleated cells showed a statistically significant difference. From the 2-cell stage up to the 8-cell stage, the PCOS embryos and non-PCOS embryos displayed almost identical cleavage times. Similarly, the proportion of embryos with direct cleavage to 3-cell stage was comparable between the PCOS and non-PCOS groups.
Post-compaction cleavage events
Time of compaction and reaching the morula stage was significantly earlier in PCOS embryos compared with non-PCOS embryos after controlling for potential confounders (Table 3) .
Duration of cleavage stages
The analysis of durations showed comparable lengths of 2-, 3-and 4-cell stages as well as the 2nd cleavage division and 3 rd cleavage division between PCOS and non-PCOS embryos. difference to one and p-value-values. Data were treated as dependent by the regression model clustering by patient Two-sided p-values less than 0.05 were considered significant. n = embryos, bl1 = early blastocyst, bl3 = full expanded blastocyst, bl5 = hatching blastocyst, bl6 = fully hatched blastocyst
After adjustment for potential confounders, the time intervening the 8-cell stage and the final divisions (duration of 4th cleavage division) was significantly shorter in the PCOS group compared with non-PCOS group (Table 4) . Full definitions of annotated time-points are shown in (Table 5 ).
Survival to blastocyst stage
Analysis of total percentages of embryos reaching a developmental stage, showed a comparable chance for survival up to the 8-cell stage between PCOS embryos and non-PCOS embryos. Although a higher proportion of embryos reached the early-and full-expanded blastocyst stage in the PCOS-group, this was only significant for unadjusted estimates ( Table 1 in Online Resource material). To evaluate whether the delay in cleavage times in non-PCOS embryos (morula stage and synchrony of 3rd cleavage division) was related to subsequent embryo-arrest 450 embryos (371 embryos from the non-PCOS group and 79 embryos from the PCOS group) not reaching the full-expanded blastocyst stage were excluded and an additional, comparable analysis were performed for all parameters. The results were unchanged.
Discussion
This study investigated the details of early development of invitro fertilized embryos from women with PCOS compared to non-PCOS patients with use of time-lapse imaging. The total analysis of almost 1400 embryos (313 from PCOS affected women/1075 from non-PCOS women) indicate that the viability of embryos from women with PCOS is comparable to, or even better, than that of embryos from the non PCOS patients. The live birth rate was similar between the two groups. The reports of disturbed oocyte maturation in women with PCOS have suggested these women have embryos are of poor quality [14] [15] [16] 33] . The here-presented results, however, challenge such a statement.
Comparison of embryo kinetics between PCOS embryos and non-PCOS embryos adjusted for female age, BMI, male infertility and fertilization method showed statistical significant difference between three parameters. Time to reach compaction and morula stage and the duration of the 4th cleavage division was significantly shorter in PCOS embryos compared with non-PCOS embryos. There was no difference in the proportion of oocytes with normal fertilisation ([2]PN) and no difference in cleaved embryos per treatment cycle and no difference in the early-or full-expanded blastocyst rates per treatment cycle between PCOS and non-PCOS group. Selection of embryos for transfer based on conventional criteria of morphological quality (Gardner criteria) resulted in a non- Live birth rates between PCOS and non-PCOS group were comparable.
Nevertheless multi-nucleation at the 2-cell stage was seen significantly more frequent in PCOS embryos compared with non-PCOS embryos. Since multi-nucleated embryos are often chromosomally abnormal the increased risk of miscarriage in PCOS patients may be associated to this finding [34] and may reduce the implantation rate [35] . De Vincentiis et al. recently reported that multinucleation is associated with oocyte immaturity [36] . It may be speculated that the more frequent observation of multi-nucleated cells in PCOS blastomeres compared with non-PCOS blastomeres could result from the influence of elevated LH and testosterone on oocyte growth. Hyperandrogenism and elevated concentrations of LH in women with PCOS have been associated with alterations in accumulation of messenger RNAs necessary for completion of meiosis [13] , which may affect the chromosomal constitution of the oocyte [4] . Still, multinucleation is sometimes difficult to accurately observe owing to presence of fragmentation or cytoplasmic inclusions. We have previously shown that manual annotation of multi-nucleation at the 2-cell stage have potential for inter/intra-observer differences [32] . With the chosen level of significance and the number of analyzed events, the reported difference in multi-nucleation could be a product of chance. Nevertheless an increased frequency of multinucleated, chromosomal abnormal embryos may contribute to a lowered fertility in PCOS women.
Timing of cell divisions and cell cycle length, achievable with time-lapse imaging (TLI), has been regarded as a promising tool for embryo selection and de-selection in IVF treatments [21, 22, [37] [38] [39] [40] [41] [42] [43] . Previous research with time lapse has proposed predictive parameters of blastocyst formation and clinical pregnancy, as reviewed by Kirkegaard et al. 2015 [24] . Lemmen et al. 2008 found synchronicity in appearance of nuclei after 1st division to differ between implanted and non-implanted embryos [44] . Azzarello et al. 2012 , detected an association between pronuclei breakdown and pregnancy. Meseguer et al. 2011 observed a correlation between timing of The first fusion of two cell boundaries followed by a decrease in embryo diameter
Morula
The compaction process is complete for all cells. All cell boundaries are unclear.
Early blastocyst The initiation of blastulation when a blastocoel is visible (bl1) Full expanded blastocyst
The blastocoel cavity fills out ≥50 % of the embryo and an inner cell mass i well defined (bl3)
Hatching blastocyst The trophectoderm herniation (bl5) through the zona Pellucida.
Hatched blastocyst
The embryo has full escaped the zona Pellucida (bl6) Duration of 4th cleavage division t≥9-t8
Blastulation (bl3-bl1) Duration from early to full expanded blastocyst (bl3-bl1)
The time-point assessment was applied to the dynamic parameters. Measurement of a certain duration was subsequently calculated as the interval between two time-points. Assessment of binary values yes and no was applied to morphologic parameters the 5-cell stage, and duration of 2-cell stage and 3-cell stage and pregnancy. We found a similar blastocyst formation rate in PCOS and non-PCOS embryos. In contrast to the present results, a recent time-lapse study comparing 25 hyper-androgenic PCOS patients (110 embryos) and 20 non-PCOS women (97 embryos) found a significant delay in time of pronuclei breakdown, 1st division and 2nd 3rd and 6th division in embryos from hyper-androgenic PCOS [21] . A graphic plot of their data showed that the hyperandrogenic PCOS embryos are offset from pronuclei breakdown and throughout the earliest cleavage by a constant time interval, compared with control embryos. Therefore, the observed delay for the hyper-androgenic PCOS may originate in an error in the oocyte activation stage, rather than an error in the cleavage stage embryo. Thus, in agreement with the present data, Wissing et al., found no difference in embryo kinetics between embryos from normo-androgenic PCOS patients compared with controls. There are several significant differences between our study and the study by Wissing et al. First, the fraction of patients with hyperandrogenism in the two studies may be different due to differences in assay methods (mass spectroscopy MS/MS vs. immunoassay), and two different definitions of hyperandrogenism. Secondly, different stimulation protocols were used. Third, in our study all cleavage times were normalized to first cleavage and treated as durations to facilitate comparison between IVF and ICSI embryos. Probably Wissing et al. would have obtained a smaller difference between PCOS and control embryos, if all cleavage time-point were adjusted to a common event, since the delay in PCOS embryos seemed to be constant from the pronuclei breakdown and onward.
Apart from anovulation, PCOS patients have several additional possible fertility-reducing factors. The increasing understanding of the syndrome links PCOS to the metabolic syndrome and diabetes [45, 46] , both of which have been linked to poor reproductive outcomes [47, 48] . Essentially, obesity is more common among women with PCOS and is known to exacerbate the symptoms of PCOS [49, 50] . With use of an oocyte donation model, a subgroup of women with PCO, obesity and insulin resistance with poor embryo quality have been identified [51] . It may be that some phenotypes of PCOS are more susceptible to changes in the embryo quality or in the endometrial receptivity than others. One recent study has reported that obesity and PCOS independently resulted in smaller oocyte size. The importance of oocyte size to developmental competence is yet unknown [52] . In our study, there was no difference in BMI values between PCOS and non-PCOS women and median BMI was in the normal range of weight for both groups. Furthermore 33 out of 39 PCOS women tested for biochemical androgen excess, in our study, had only polycystic ovaries and anovulation, previously described as a Bmild^presentation of the disorder [9] . The fact that there was no difference between PCOS patients and the control group in terms of number of oocytes harvested could support such an assumption. Therefore it should be stressed that PCOS combined with androgen excess and more severe metabolic abnormalities possibly could have produced different results.
The evidence for adverse effects of PCOS in the developing embryo has been vividly questioned [7, 33, [53] [54] [55] . PCOS women are characterized by having high response to gonadotropins, resulting in higher number of oocytes obtained [3] . Consequently, there is greater choice in the selection of embryos based on morphological criteria for transfer. This may explain the significantly higher cumulative embryo score (calculated by multiplying the number of blastomeres in each embryo by the morphologic quality score of that embryo and adding the values for the embryos transferred in each patient) reported for PCOS embryos compared to controls in previous studies [54, 55] . Furthermore, there are some fundamental differences among the comparative studies on PCOS pre-implantation embryos (female BMI and PCOS phenotype, fertilization method and stimulation protocols) that may also account for some of the conflicting results obtained.
Factors related to fertilization method, culture oxygen tension, gonadotropin doses and ovarian stimulation protocol have been reported to affect cleavage kinetics of IVF embryos. Previously high oxygen tension was demonstrated to influence pre-compaction development, with embryos cultured in atmospheric (20 %) oxygen completed the third cell cycle later than those cultured in 5 % oxygen [29] . In present study we detected no differences in pre-compaction intervals between PCOS and non-PCOS embryos. By controlling for fertilization method in regression modeling we minimized bias from oxygen exposure. Both gonadotropin doses and ovarian stimulation protocol have been reported to affect timing of embryo development. Embryos from women receiving higher doses of gonadotropins or on GnRH agonist +HCG triggering protocols underwent the embryonic stages later than those derived from women receiving the lower doses or an GnRH antagonist + GnRH agonist triggering protocols [26, 56] . In the present study, the treatment protocol and gonadotropin doses were administered according to expected and actual treatment response of the patient. Consequently, PCOS patients were more often treated with GnRH antagonist protocols and given lower gonadotropin doses compared with non-PCOS women. This may have accounted for some of the kinetic differences found at late embryonic stages, with non-PCOS embryos reaching post-compaction stages later than PCOS embryos.
Inflammation and dysregulation of local growth factors responsible for oocyte maturation have been described in PCOS ovaries and may contribute to an aberrant embryo development [14-16, 33, 50] . Gene expression profiling studies have identified over one hundred genes with altered expression in unfertilized PCOS oocytes [13] and cumulus cells of mature MII oocytes [14] . Putative nuclear receptor binding sites have been described in the same genes, suggesting that metabolic and epigenetic interactions might affect oocyte quality. Nevertheless, it has been unclear whether the alterations reported in the oocyte actually are manifest in later embryo development. Our data may indicate that the causative factor for subfertility in PCOS women after IVF is not related to timing of development of the pre-implantation embryo. PCOS in combination with androgen excess have been suggested to lead to endometrial dysfunction and/or impair endometrial receptivity, and may, on the contrary, be a more important causal factor behind subfertility in women with PCOS [57, 58] .
It may be speculated that some of the women seeking medical assistance for anovulatory infertility might have been incorrectly classified as having the disease. The measure of 12 follicles per ovary for polycystic ovaries has been suggested as a normal variant of ovarian morphology (especially in younger women under 30 years of age) [59] [60] [61] [62] . In our data, such misclassification is possible of women diagnosed with PCOS (both PCO and oligomenorrhea) without androgen excess, which may lead to an underestimation of the correlation between PCOS and developmental timing (Type II error). Furthermore, our control group includes some women with polycystic ovarian morphology according to the Rotterdam criteria. Although all controls with PCO were tested for androgen excess this may have increased the risk of a Type II error. The fact that data were not restricted to first cycles might be important too. Thus, certain patients with other risk factors for failed cycles might be over-represented in the dataset and unevenly distributed between groups. The younger age for the women with PCOS probably reflects earlier visits to the fertility clinic due to menstrual irregularity. Therefore, the non-PCOS women may have a longer duration of infertility and more severe infertility, which may potentially lead to Type II errors also. However, for several reasons we consider this unlikely. Firstly, all patients enrolled in our study were regarded as good-prognosis patients. Secondly, male infertility was the main reason for the couple's infertility in the non-PCOS group.
We conclude from these observations that the viability, i.e., developmental kinetics and blastocyst formation of embryos from women with PCOS seem to be comparable to that of embryos from other non-PCOS regularly cycling women. The present data indicate that it is less likely that embryonic factors contribute to subfertility in PCOS patients, and further research is needed to elucidate the role of endometrial receptivity in this respect.
